Many investigators have examined urbanization gradients in cancer rates. The purpose of this report was to identify urban-rural trends in cancer mortality rates (1982-1991) for municipalities in Taiwan. For this purpose, Taiwan's municipalities were classified as rural, suburban, urban, or metropolitan, using population density as an ordinal indicator of the degree of urbanization. Average annual age-adjusted, site-specific cancer mortality rates were calculated for both sexes within each population density group. Significant increasing trends with more urbanization were observed in mortality rates for cancers of the lung, pancreas, and kidney among both males and females, as well as male prostate cancer, and female breast and ovary cancer. In addition, this study revealed a significant rural excess for nonmelanoma skin cancer among both males and females, as well as male non-Hodgkin's lymphoma, and cancers of the female bone, and female connective tissue. Analytic studies for sites with consistent urban-rural trends may be fruitful in identifying the aspect of population density, or other unmeasured factors, that contribute to these trends.
Studies of populations living in urban environments are of considerable interest to epidemiologists since they can suggest the extent to which urban factors are important in the etiology of different cancers. A number of studies have reported variation in cancer incidence and mortality rates across urbanization gradients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Almost all these studies have reported higher cancer incidence and mortality rates in urban populations compared to their counterparts who live in rural areas. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] A major drawback has been the lack of a uniform measure used to classify areas as urban or rural. 15) Perhaps the major difficulty lies in defining a rural area. As a result, even when an urbanrural dichotomy has been chosen, definitions have not been consistent. 3, 8, 11, 13, 14) In addition, several studies have used population density as an ordinal indicator in order to examine urban-rural differences in cancer rates.
1, 2, 4-7)
An additional limitation is the limited number of counties in which a subdivision between urban and rural rates is available, due to either deficiencies in the numerator or in the denominator. 15, 16) As a result of this, almost all the studies have been performed in developed countries. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Furthermore, these reports have generally relied on large areas, such as states or counties, as the basic geographical unit of analysis. This makes it difficult to characterize the true urbanization level due to its heterogeneity within these large areas. As a result of these limitations, the methodology employed in most preceding investigations has been imprecise, and the relationship between population density and cancer mortality has not been adequately examined. Moreover, only six studies 1, [3] [4] [5] [6] [7] to date have described trends in cancer mortality patterns associated with increasing levels of urbanization.
Taiwan appears to be appropriate for this type of study. Since it is mandatory to register any birth, marriage, divorce, employment, education, migration, and death in the household registration offices, the vital statistics are accurate and complete. In this paper we used minor civil divisions (administrative units, i.e., cities and towns) as the basic geopolitical unit of analysis. Our report describes sex-and site-specific patterns of cancer mortality within four population density quartiles in Taiwan, between 1982-1991. This methodology allowed an examination of trends in site-specific cancer mortality associated with levels of urbanization as measured by population density.
MATERIALS AND METHODS
Taiwan is divided into 361 administrative districts, which will be referred to herein as municipalities. They are the units that will be subjected to statistical analysis. Excluded from the analysis were 6 municipalities which had changed administrative size during 1982-1991. This left 355 municipalities for the analysis.
Information concerning both number of deaths and midyear population by sex, age, municipality of residence, calendar year during 1982-1991 was obtained from the Bureau of Vital Statistics of the Taiwan Provincial Depart-ment of Health. This bureau is in charge of the death registration system in Taiwan, which has been completely computerized since 1972. The International Classification of Disease, Injury and Causes of Death (9th revision) is used to code the cause of death.
All 355 municipalities were ranked by population density (persons per square kilometer) using the 1989 Taiwan-Fukien Demographic Fact Book, 17) which includes population counts, land area, and population density for all municipalities. This ranking was used to create four population density groups of similar population sizes. The ranges of the population density for each group are summarized in Table I .
Average annual cancer mortality rates per 100,000 population were calculated first for males and females for the period 1982-1991 for each of the 355 municipalities. The age-standardized rates (ASR) were calculated using the direct method, using the world population in 1976 as the standard population.
18) The mean ASR were then calculated within each population density group. To evaluate the relationship between population density and cancer mortality, the results were expressed as standardized relative risk (SRR) of dying from various malignant neoplasms in different population density groups, using the lowest population density group as a reference. This was done separately for males and females. To test the null hypothesis (H 0 : SRR=1), 95% confidence intervals for the SRR were calculated using the method of Rothman. 19) Trends in SRR for various malignant neoplasms across different population density groups were tested using the χ 2 test for trend described by Breslow and Day. The age-standardized death rates classified by site, sex and population density are shown in Tables II and III. The relationship between population density and cancer mortality is presented in Tables IV and V . Among males, a significant positive linear relationship was observed between increasing population density and increasing SRR for deaths due to all cancer sites combined and cancer of the colon, pancreas, lung, prostate, and kidney. A significant inverse relationship, leading to a rural excess, was observed for non-melanoma skin and non-Hodgkin's lymphoma cancers.
Among females, a significant positive linear trend was noted for deaths due to cancer of the pancreas, lung, rectum, breast, ovary, and kidney. Significantly increased rural risks were observed for the following cancer sites: bone, connective tissue, and non-melanoma skin.
DISCUSSION
The higher risks of living in highly urbanized areas have been summarized by a previous study. 16) This review included comparisons among developed countries using data from their cancer registries. Also, most studies on urban risk were similarly conducted in the so-called First World. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Our report concerning urban risks of cancer in a developing country shows some interesting and divergent results when compared with reports from developed countries.
In an ecological study like this, it should be noted that an association between cancer mortality and population density may not necessarily represent an association at the individual level of causal relationship. Rather, the observed association may serve as a lead for further investigation.
Because it is mandatory to register death certificates at local household registration offices and the household reg- istration information is verified annually through a doorto-door survey, the death registration in Taiwan is quite complete. Although causes of death may be misdiagnosed and/or misclassified, the problem has been minimized through improvements in the verification and classification of causes of death in Taiwan since 1972. Furthermore, malignant neoplasms have been reported to be one of the most unequivocally classified causes of death in Taiwan, 21) as in other countries. 4) Because of its fatal outcome, it is believed that all patients with malignant neoplasms from rural or urban areas have had access to medical care in recent years, regardless of geographical location in Taiwan. 22) Therefore, variations in the quality of mortality data across the urbanization gradient is unlikely.
If urbanization (population density), per se, was responsible for the difference in cancer mortality, then the trends should be similar among both males and females. This was found for three cancer types: cancer of the pancreas, lung, and kidney. Significant trends were also found for male prostate, and female breast and ovary cancers. This observation is consistent with previous reports.
1, 3-7) Urbanization differences in cancers of these sites suggest that further investigation of the relationship between population density and site-specific cancer mortality may be fruitful.
Most studies reported so far have found a clear urban excess for colon and rectum cancers. 1, 4, 6, 8, 10) This was the case for our study also. However, the trends for colon and rectum cancer were sex-linked. A significant trend for colon cancer was identified for males only and that for rectum cancer in females only. Gender differences in occupation or other life-style factors may be important in understanding these trends. 16, [23] [24] [25] The present study revealed excess rural risks for nonmelanoma skin cancer and non-Hodgkin's lymphoma among males and for non-melanoma skin cancer, and can- a) Rural areas were the reference. b) Significantly increased risk trends were noted. c) Significantly decreased risk trends were noted.
cer of bone and connective tissue among females. Such findings are not consistent with previously published reports. 1, 3-8, 10, 12, 16) The rural excess in mortality for these cancers is difficult to understand.
These data are most useful for generating hypotheses for further studies to define specific etiological factors operating within population density groupings. Population density, as measured in this investigation, may represent a surrogate measure for other cancer risk factors, such as socioeconomic status, personal health behaviors, and differential exposures to environmental agents, which are related to cancer mortality. 4) Unfortunately, the current data set did not allow us to measure directly the interrelationships between population density, other possible explanatory variables and the risk of developing selected forms of cancer.
In conclusion, evidence for urban-rural differences in site-specific cancer mortality was found to be consistent with previous studies using similar methodology. Analytic studies for sites where trends were consistent across all sex groups may identify the aspect of population density or other unmeasured factor that is contributing to these urban-rural trends.
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